We study the influence of the dispersed aerosil particle concentration on the soft and Goldstone mode dynamics across the smectic-A -smectic-C* phase transition using dielectric spectroscopy. We use CE8 liquid crystal filled with aerosils of concentrations xϭm s /(m s ϩm LC )ϭ0.025, 0.05, 0.1, and 0.15, where m s and m LC stand for masses of aerosil and liquid crystal, respectively. In dispersions with xϽ0.15 the characteristic Goldstone frequency temperature dependence f G (T) is almost bulklike in contrast to the corresponding soft mode dependence f s (T). For xϾ0 the degeneracy of the modes at the SmA-SmC* transition temperature is lifted. With increasing x the modes' intensities gradually decrease and the critical effective coefficient ␥ tentatively approaches the value characterizing the three-dimensional XY universality class. For xϭ0.15, a drastic change in behavior is observed. The Goldstone mode is completely suppressed and the f s (T) dependence begins to deviate from the Arrhenius behavior. A simple phenomenological approach is used in the explanation of results.
I. INTRODUCTION
Phase behavior influenced by irregular confinement has been an interesting topic for years. Convenient experimental systems to study this phenomenon are numerous liquid crystal ͑LC͒ phases either confined to various porous matrices ͓1͔ or filled with inclusions ͓2͔. The choice of various LC phases is justified by a rich variety of different phase transitions that they exhibit in translational or orientational long range ordering ͓3͔. In addition LCs are typical representatives of soft systems characterized by a strong response to relatively weak perturbations. Among the confining matrices acting as disordering agents, controlled-pore glasses ͑CPG͒, Vycor glasses, millipore membranes, or aerogels are conventionally used ͓1͔. In these matrices the degree of randomness ͑i.e., geometrically enforced disorder͒ gradually increases from the former ͑CPG͒ to the latter ͑aerogel͒ system. As inclusions, aerosil particles ͑spherular SiO 2 objects͒ of diameter 2 R ϳ7 nm, whose surface is covered by hydroxyl groups, are typically used ͓2͔.
By varying the aerosil particles concentration s ͑weight of silica per cm 3 of LC͒, the degree of disordering enforced to a hosting LC phase can be relatively well controlled. On increasing s the organization of aerosil particles undergoes three qualitatively different regimes ͓2,4,5͔. Below the gelation threshold s ϭ g ϳ0.01 g/cm 3 , almost isolated aggregates of aerosil float in LCs. Above g the gel-like aerosil structure is formed that is enabled by hydrogen bonding between hydroxyl groups on aerosil surfaces. For densities s less than a ϳ0.1 g/cm 3 this structure is relatively responsive. If the elastic strain imposed by surrounding LC phase is large enough the bonds among aerosil particles relatively, break easily and rearrange allowing partial relaxation of the strain. The regime s Ͻ a , in which the induced disorder can be partially annealed, is referred to as the soft or also the annealed strain regime. For larger concentrations the stiff regime is entered resembling the rigid aerogel structure.
There the geometrically induced disorder is almost fully quenched.
In studying the influence of s on LC phase behavior most studies so far focused on the isotropic-nematic (I-N) and nematic-smectic A (N-SmA) phase transitions ͓2,5-10͔.
In general the observed phase transition temperature shifts towards lower temperatures ͓2͔ are relatively large and exhibit nonmonotonous s dependence, reflecting qualitative changes in the aerosil arrangement. In the regime s Ͻ a in the nematic phase bimodal behavior is often observed ͓5͔. The first contribution resembles the bulk behavior. On the contrary the second one is more or less glasslike, originating from LC molecules in strong contact with the aerosil network. Thermal anisotropy studies ͓9͔ indicate that the aerosil inclusions break the system into strongly polydomain orientational ordering. With increasing s the character of the N-SmA transition as a rule approaches three-dimensional XY universality class ͓2͔. This indicates that the increased disorder weakens the coupling between the nematic and smectic order parameters. For s Ͼ a a strong change in the qualitative behavior is observed resembling the behavior of LCs confined to aerogels matrices. In this regime the I-N and N-SmA specific heat peaks become anomalously broadened ͓2͔. For even larger concentrations ( s տ0.4 g/cm 3 ) the disorder is expected to completely smear out the discontinuous I-N phase transition ͓2,11͔.
In this contribution we study the influence of aerosil concentration on the SmA-SmC* phase transition. This phase transition has been intensively studied in bulk. In addition to studies of critical phenomena ͓13,12͔, which are driven by an interest in basic physics, electro-optic applications have also been explored ͓14͔. In most cases the bulk SmA-SmC* phase transition is expected to be of second order what is predicted by molecular theories ͓15͔ ͑Note that the interaction between different order parameter fluctuation may change the second-order character of the transition ͓16͔.͒ Its main characteristics can be described with the two component order parameter ͓17,18͔, often defined with angles and . Here describes deviations of molecular orientation from the smectic layer normal and the defines the molecular projection in the layer plane. The dynamics of the secondorder smectic-A -smectic-C* phase transition taking place at TϭT AC is dominated by the doubly degenerated soft mode at TуT AC . Below the transition this degeneracy is lifted, bifurcating into the Goldstone mode and soft amplitude mode ͓17͔. The first, the symmetry recovering mode, is below T AC dominant and describes fluctuations in . The amplitude mode describes fluctuations in .
In this contribution we focus on the influence of aerosil concentration on the dynamics of the soft and Goldstone mode of the SmA-SmC* phase transition in the CE8 (8CI*) liquid crystal by means of the dielectric spectroscopy. The plan of the paper is as follows. In Sec. II we present the experimental setup. In Sec. III the model used to explain the measurements presented in Sec. IV is briefly given. The results are discussed in Sec. V and summarized in the last section.
II. EXPERIMENTAL SET UP
We studied a mixture S-(ϩ)-͓4-(2Ј-methylbutyl͒ phenyl 4Ј-n-octylbiphenyl-4-carboxylate͔ ͑denoted as CE8 or 8SI*͒ ferroelectric LC and Degussa hydrophilic aerosil A 300 ͓19,2͔. The aerosil consists of nearly spherical SiO 2 particles of diameter 2 Rϳ7 nm with fairly narrow size distribution ͑full width at half maximum of distribution ϳ7.5 nm). They are covered with -OH ͑hydroxyl͒ groups that can bond hydrogen in a network at a high enough concentration. The hydrophilic coating produces ͓4͔ a strong homeotropic anchoring ͑i.e., tends to orient molecules along the surface normal͒ of polar LC molecules at the surface. The quoted specific surface area is 300 m 2 /g. The CE8-aerosil mixtures were prepared with the solvent method ͓7͔ by using chemically pure acetone. After slow evaporation of the acetone the mixture was placed in vacuum for one hour to remove the remaining acetone. During this procedure the sample was kept in the SmA phase, i.e., it was not allowed to enter the crystal phase.
Four different mixtures were prepared with x ϭ0.025, 0.05, 0.10, and 0.15. Here xϭm s /(m s ϩm LC ), where m s and m LC are masses of aerosils and liquid crystal in the mixture, respectively. Note that we use relative mass concentration x instead of density s ϭ(m s /m LC ) LC of silica in liquid crystal quoted in other studies because x is not temperature dependent. Here LC ϳ1 g/cm 3 is the density of the liquid crystal material.
The complex dielectric constant *(T,)ϭЈϪiЉ was measured using HP4282A LCR meter. The method is described in Ref. ͓20͔. The LC is confined within a plane parallel cell of thickness dϳ50 m. For latter convenience we introduce the Cartesian coordinate system, where cell plates are set at yϭ0 and yϭd. In bulk, the layers are stacked along the z direction in the so-called bookshelf arrangement. This was achieved by orienting the sample in the magnetic field of strength 9 T on cooling the sample through the I-N transition. The electric field is applied along the cell plates normal in the y direction. The amplitude of the excitation voltage was 1 V.
In scanning runs, the dielectric constant was measured at few frequencies between 40 Hz and 4 kHz on cooling the sample with the typical cooling rate of 200 mK/h. In the temperature stepping run the dielectric spectra were taken at 60 frequencies between 20 Hz and 1 MHz on cooling the sample with typical temperature steps of Ϫ50 mK.
III. THEORETICAL BACKGROUND
Let us first consider the bulk system with layers in the bookshelf geometry. The orientational ordering of a molecule is given by the nematic director field n ជ ϭ͑sin cos ,sin sin ,cos ͒. ͑1͒
In the SmA phase ϭ0. In the equilibrium SmC* phase the molecules are tilted from smectic layers for the cone angle ϭ 0 and the molecules precess around the cone as ϭ 0 ϭq 0 z. Here pϭ2/q 0 represents the pitch of the helix. The values of 0 and q 0 result from the minimization of the relevant free energy ͓18,21͔.
Note that as a primary orientational order parameter of the SmA-SmC* phase transition one conventionally introduces a two component parameter ͓17,18͔ ជ ϭ( 1 , 2 ):
In this approach one assumes that layers adopt the equilibrium spacing. In the SmC* phase the tilt locally breaks the axial symmetry and introduces a transverse in-plane spontaneous polarization P ជ ϭ( P x , P y ,0) perpendicular to the direction of tilt. Therefore it holds P x ϭconst n y n z and P y ϭϪconst n x n z . In the equilibrium the average polarization of the sample is thus zero. Note that P ជ is only a secondary order parameter which relaxes much faster than liquid crystalline degrees of freedom so that one can use adiabatic approximation and renormalize material constants ͓22͔. This is justified for calculations of the equilibrium LC structures and dominant director dynamics.
With this in mind the most essential properties of the system of our interest can be obtained from the free energy density ͓13,18͔
͑3͒
Here a 0 , b, ⌳ are the phenomenological constants and K 3 , KЈ,KЉ orientational elastic constants analogous to the bend, splay, and twist, nematic Frank elastic constants, respectively. The equilibrium wave vector of the helical pitch is given by q 0 ϭ⌳/K 3 . To obtain the dynamics of the order parameter fluctuations one introduces the dissipation function density as ͓13͔
͑4͒
The characteristic viscous coefficient is expected to exhibit noncritical behavior and is thermally activated ͓23͔.
Expansion of the order parameter ជ (r ជ ,t)ϳ ជ eq (r ជ )ϩ␦ ជ (t) about the equilibrium profile ជ eq (r ជ ) and considering Eqs. ͑3͒,͑4͒ one obtains in the SmA phase, double degenerated soft mode. In the SmC* phase the degeneracy is lifted and one obtains the soft amplitude mode ͑fluctuations in ) and the Goldstone mode ͑fluctuations in ). The dispersion relations ͓13͔ for the characteristic mode relaxation times as a function of the mode wave vector q ជ ϭ(q x ,q y ,q z ) read as
Here K ϩ ϭ(KЈϩKЉ)/2, q Ќ 2 ϭq x 2 ϩq y 2 and subscript s and G refer to the soft and Goldstone mode, respectively.
In our experiment we probe Goldstone and soft mode fluctuations with dielectric spectroscopy. This method ͓22,20͔ measures the complex dielectric constant ()* ϭ() Ј Ϫi() Љ response of the polarization of the system at zero wave vector to an external homogeneous field E ជ ϭ(0,E,0)e it . In our case the dielectric response within the frequency regime studied can be approximately expressed ͓22͔ as
Here ⌬ s and ⌬ G describe the strength of the soft mode and Goldstone mode contributions, respectively, and ϱ includes all higher mode contributions. In this approximation each mode is characterized by a single relaxation time.
One commonly defines the corresponding relaxation frequencies of both the modes as f s ϭ1/2 s and f G ϭ1/2 G . Below T AC the dielectric response is dominated by the Goldstone mode. For the geometry described, its amplitude at qϭ0 is to a good approximation expressed as ͓13͔
IV. EXPERIMENTAL RESULTS
We have measured the complex dielectric constant ()*ϭ() Ј Ϫi() Љ across the SmA-SmC* phase transition in the aerosil filled CE8 phase. We studied mixtures with xϭ0. 025,0.05,0.10,0.15 and also a reference pure bulk CE8 sample. The data were analyzed using the modified Cole-Davison ansatz,
where
and the complex conductivity *ϭ R ϩi i are the fitting parameters. Departures of powers h and k from 1 indicate distribution of the soft mode and Goldstone mode relaxation times about characteristic values s and G , respectively. The conductivity terms take into account finite conductivity of the system. In Fig. 1 we show the temperature evolution of the dielectric dispersion in Cole-Cole plots for pure CE8 and different aerosil mixtures. Above T AC , only soft mode is observed and below it also the Goldstone mode appears. The corresponding temperature and concentration dependent strengths of modes are plotted in Fig. 2 . Both modes are increasingly suppressed with growing x. For xϭ0.15 the Goldstone mode disappears within the experimental accuracy and the soft mode distribution broadens. Note that temperature shifts ⌬T AC ϭT AC (0) ϪT AC (x)Ͻ0.2 K from the pure bulk SmA-SmC* phase transition temperature, T AC (0) ϭ357.90 K are relatively small in the whole examined range ͓see Table I for T AC (x)]. The characteristic frequencies as functions of T and x are plotted in Fig. 3 . The two frequencies are degenerate at T AC (0) in pure CE8. For xϾ0 this degeneracy is lifted. Note that f G is, relatively, weakly affected by x in comparison to f s ͓24͔. In Fig. 4 we plot the temperature dependent static dielectric constant for different concentrations x. The critical exponent ␥ revealing the character of the AC transition can be inferred. For xϭ0.15 the Ј(T) dependence exhibits a dramatic change in the behavior. For temperatures TϾT AC (x) we fitted Ј to the scaling ansatz ͓25͔ to scaling factor D 1 ϩ was found negligibly small and set to zero and ⌬ 1 ϭ0.5. Below T AC (x) we were not able to fit Ј(T) dependence of the soft mode because in this temperature regime the dielectric response is dominated by the Goldstone mode. The results reveal ͑Fig. 5͒ that the extracted value of ␥ strongly depends on the temperature range used in the fitting procedure. Note that the data in Fig. 4 were taken at 4 kHz because at this particular frequency the anomaly related to the soft mode is best visible on the slope of the increasing Goldstone mode dielectric intensity just below T AC (x) ͑see the narrow small peak in the first panel of Fig. 4͒ . Data at 4 kHz are thus serving purely as an illustration. Actually it should be noted that the 4 kHz data due to the critical slowing down do not represent any more below some temperature near T AC (x), of the ͑a͒ Goldstone and ͑b͒ soft mode in various LC and aerosil mixtures. The intensities of both modes are strongly suppressed with increasing x. For xϭ0.15 the Goldstone mode disappears and the soft mode exhibits strong widening and rounding. ͑c͒ Decreasing of the peak dielectric constant with increasing x for both soft and Goldstone mode and widening of the soft mode peak. the static dielectric response, which should be solely fitted to the power ansatz. This breakdown of the static response itself would introduce the additional rounding effect. So the 4 kHz data near T AC (x) were actually replaced progressively by the low frequency data in order to ensure the static response validity. To illustrate this problem the 1 kHz data are added to the second panel in Fig. 4 showing Ј of the xϭ0.05 mixture. Here, the small kink in the slope of 1 kHz data corresponds to the T AC (x) soft mode anomaly.
V. DISCUSSION
In Table I we summarize some of geometric characteristics ͓2͔ of our samples, characterized by the main aerosil void size l 0 ϳ2/(a s ), equivalent to the mean LC length scale and the relative fraction pϳa 0 a s of ''frozen'' LC molecules ͑i.e., molecules in strong contact with the aerosil particles͒. To estimate values of l 0 and p we set a ϳ300 g/cm 3 and a 0 ϳ2 nm. These estimates assume homogeneous distribution of aerosil particles.
For all concentrations studied the estimated value of l 0 is well below the pitch of the helix (ϳ2 m). The aerosil particles are known to strongly anchor the LC molecules ͓4͔. Therefore they are expected to strongly pin the fluctuations and thus suppress fluctuations with wave vector q N/l 0 , where Nϭ1,2,3, . . . . Note that our measurements were performed at qϳ0 and consequently one would expect complete suppression of measured modes for all concentrations of aerosils studied. This should particularly affect the Goldstone modes because is said to be the ''soft'' component of the order parameter: i.e., its spatial variation readily adopts to the imposed geometrical length scale. However results for xϽ0.15 disagree with these expectations. The Goldstone mode amplitude ͑Fig. 2͒ remains finite and its frequency temperature dependence f G (T) ͑Fig. 3͒ is relatively, weakly affected by x. Also the transition temperature is relatively, weakly shifted (⌬T AC Ͻ0.2 K, see Fig. 3͒ . This indicates that the sample response is dominated by domains with bulklike ordering. The domains must be large enough in comparison to the pitch size so that long wave length Goldstone modes still exist. The reduction of the Goldstone and soft mode strength with increasing x originates partially in the formation of smaller domains where fluctuation pinning is effective and in increasing departures of preferred domain orientations from the z axis. Photopyroelectric measurements ͓4͔ reveal that with increased x the distribution of domain orientations strongly broadens ͑i.e., at s ϳ0.04 almost isotropic distribution is already reached͒. Consequently the effective polarization along the y direction is progressively reduced with increased x and due to this also the measured dielectric response.
In the regime xϽ0.15 the strength of both modes is comparably suppressed with increased x. However the soft mode frequency f s is dramatically affected by finite value of x close to the phase transition temperature ͑Fig. 3͒. For xϾ0 the degeneracy between the soft and Goldstone mode frequencies at T AC (x) is lifted and the frequency gap between the modes increases with x. We believe that the reason behind this lies in the temperature dependent part of the s dispersion relation ͓see Eq. ͑5͔͒. We claim that in different domains the effective temperature is slightly different. This might be due to the variation of the layer distance from a domain to a domain. The effect cannot be inferred from the free energy density expression described in Eq. ͑3͒ which assumes the equilibrium layer spacing. In order to understand consequences that layer compression or dilation can cause one must use the Landau-Ginzburg description of smectic ordering ͓26,27͔. The smectic layering is modeled with a complex order parameter ϭe i . Here the translational order parameter describes the degree of smectic layering ͑for ϭ0 the translational ordering is lost͒ and the phase factor determines the position of smectic layers: e.g., for layers stacked along the z direction at a distance d A ϭ2/q A it holds ϭq A z. In this description the relevant free energy density term ⌬ f that determines the equilibrium layer spacing and the tilt of molecules with respect to the layer normal can be expressed as
͑10͒
The first two terms suffice to describe the ordering in the SmA phase in which the smectic compressibility (C ʈ ) and bend (C Ќ ) elastic constants are positive. The first ͑compress-ibility͒ term drives the system towards the equilibrium SmA layer spacing q A . The second ͑bend͒ terms enforces molecular orientation along the layer normal. This terms can drive the system into the smectic C phase if it becomes negative. Therefore setting C Ќ ϭC Ќ (0) (TϪT AC ) the second-order SmA-SmC ͑or SmA-SmC*) phase transition is realized at TϭT AC . Below T AC the third term in Eq. ͑10͒ with elastic constant D is needed to stabilize the tilt below /2. 
describes the temperature shift of the SmA-SmC* phase transition due to the homogeneous layer distortion. In Eq. ͑11͒ we assumed comparable smectic compressibility and bend elastic constants deep in the SmA phase ͑i.e., C ʈ ϳC Ќ (0) T AC and qϳq A ). Note that even for a relatively small layer mismatch q/q A ϳ1.001 one finds a detectable temperature shift:
This range of temperature shifts is comparable with our data ͑see Fig. 3͒ for xϾ0.025. Note that for typical values of material constants ͓28͔ in Eq. ͑5͒ ͓a 0 ϳ5ϫ10 Ϫ5 J/(m 2 K), ϳ0.1 Ns/m 2 ] one finds for ⌬Tϳ0.1 K the frequency shift ⌬ f s ϳa 0 ⌬T/2␥ϳ10 kHz. This value roughly matches the observed frequency gaps between the soft and Goldstone modes at TϭT AC (0) for xϾ0. Therefore the observed finite gap at the phase transition region can be attributed to a distribution of domain bulklike phase transitions.
The temperature dependence of the statical susceptibility Ј(ϭ0) can reveal the universality class to which our system belongs. Our analysis indicates that the critical exponent ␥ strongly depends on the temperature interval (T min ,T max ) in which the scaling exponent was extracted from measurements. For two different temperature intervals, determined by r min (1) (x)ϭ(T AC ϪT min (1) )/T min (1) and r min (2) (x)ϭ(T AC ϪT min (2) )/T min (2) , both of which are sensible, we get completely different trends of ␥(x) dependence as x in increased. Here r min (1 (1) the ␥(x) dependence increases with x tentatively approaching the 3DXY universality class ͑in which ␥ϳ1.316) as suggested also by other studies ͓2,7͔ that were focused to the N-SmA phase transition. The approaching towards 3DXY behavior with increasing x appears because the ''impurities'' are believed to effectively decuple the fluctuations in the smectic and nematic order parameter. Namely in the pure system with narrow nematic phase the coupling of these fluctuations is believed to cause departure from the 3DXY universality class. In fact our measurement can not exclude approaching to the random field Ising universality class with ␥ϭ1.8. However for r min (2) completely different trend of ␥(x) dependence is observed within 95% confidence level. With decreased value of r min the value of ␥(x) decreases due to the smearing rounding effect in the Ј (T) dependence close to the phase transition. For r min (1) the value of ␥ is already stable against the temperature range shrinkage.
Note that layer distortions can also affect the measured critical behavior at T AC . The behavior across the second order SmA-SmC* phase transition is sensitive to the width of the Ginzburg temperature regime ⌬T G in which deviations from the mean-field behavior are expected. The criterion ͓29͔ can be expressed as ⌬T G ϭ͓k 2 T C /(16) 2 ͔(1/ ⌬C V 2 0 6 ), where 0 is the bare smectic order parameter correlation length, ⌬C V the step in the specific heat at the critical temperature T C as it is given by the mean-field theory, and k is the Boltzmann constant. Expression for ⌬C V and 0 can be expressed with the Landau coefficients which get renormalized if layers are distorted. Consequently the Ginzburg criterion can be changed as demonstrated in Ref. ͓12͔.
VI. CONCLUSIONS
We have studied the influence of aerosil particles concentrations on the soft mode and Goldstone mode dynamics across the SmA-SmC* phase transition of the CE8 liquid crystal. The aerosil inclusions are spherical in shape with a characteristic radius Rϳ7 nm. Their surface enforces strong homeotropic orientational anchoring. We studied concentrations xϭ0.025, 0.05, 0.1, and 0.15. The complex dielectric constant was measured with dielectric spectroscopy. The mixtures were confined to plane parallel cells with smectic layers running perpendicular to the cell plates. The measuring low-frequency field was applied along the cell plates normal. Consequently the soft and Goldstone mode dynamics was probed at the wave vector qϳ0.
Our measurements reveal that for xϽ0.15 the Goldstone characteristic frequency f G exhibits the bulklike behavior. Contrary at TϭT AC the characteristic soft mode frequency f s exhibits a gap ⌬ f s (x) with respect to f G . The gap gradually increases with x from ⌬ f s (xϭ0)ϭ0 to ⌬ f s (xϭ0.15) ϳ50 kHz. The strength of both modes monotonically decreases with x. For xϭ0.15 the Goldstone mode disappears and the soft mode anomalously broadens. The results can be explained by assuming that the main contributions come from bulklike domains in the sample in which pining of fluctuations by impurities ͑i.e., aerosils͒ is negligible. Note that the established domain structure is rather strongly locked in by the silica network for xϾ0.10. This can be inferred from approximately the same dielectric response from the ''virgin'' samples and the samples, that were exposed to the strong orienting magnetic field of 9 T prior to measurements.
The strength of modes decreases because the number of these domains, which only contribute to our measurements, is gradually decreasing. In addition the distribution of relative orientation of domains is gradually approaching random distribution with x that also decreases modes' strengths. The gap ⌬ f (x)Ͼ0 for xϾ0 arises due to the local spread of the transition temperatures caused by a slightly different smectic layer spacing in different domains. This behavior is for x Ͻ0.15 enabled by ''soft'' character of the aerosil network enabling it to rearrange into spatially inhomogeneous distribution to reduce the imposed elastic strain. At xϭ0.15 the aerosil network becomes ''stiff,'' introducing more or less quenched disorder to surrounding LC phase. Consequently the temperature dependence of the soft mode strength anomalously broadens across the phase transition and the Goldstone mode is completely suppressed. It is to be stressed that in several cases we checked the dielectric response of samples also after being in a strong 9 T orienting magnetic field. The dielectric response of ''oriented'' and ''virgin'' samples was the same within the experimental error for x у0.10, thus demonstrating the dominance of the stiff quenched disorder over the soft annealing character of the aerosil network. Note that in the stiff regime the broadening is also influenced by the presence of the LC phase whose behavior is strongly affected by the silica network. This is suggested also from the deviations from the Arrhenius behavior in the soft mode frequency temperature behavior observed with increasing x. The value of the soft mode frequency actually increases at higher temperatures, while at low temperatures due to the bending deviations from Arrhenius behavior ͑typically for glassy systems͒ the soft mode frequency becomes smaller than for pure bulk sample.
Relatively sharp Ј(T) dependence across the SmA-SmC* phase transition enables us to extract the critical exponent ␥ revealing the universality class of our system. Our analysis indicates that the measured value of ␥(x) for xϾ0 strongly depends on the temperature range used in the fitting. For measurements relatively far from T AC (r min (1) у2 ϫ10 Ϫ3 ), ␥(x) monotonically increases with x. For x Ͼ0.025 values of ␥ seem to be consistent with the 3DXY model, as suggested also by other authors from studies on similar systems ͓7,2͔. However for measurements closer to T AC substantially lower values of ␥ are obtained. For r min (2)
у5ϫ10
Ϫ4 the ␥(x) dependence even monotonically decreases with increasing x. Therefore our results indicate that measurements of critical exponents have to be taken with particular care. Note that similar behavior is found in relaxor materials ͓30͔.
